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OutlineOutline

•• Update epidemiology of outbreakUpdate epidemiology of outbreak
•• Lessons learned / Questions still unansweredLessons learned / Questions still unanswered
•• Future considerationsFuture considerations



Sources of Mumps Data Sources of Mumps Data 

•• National Notifiable Disease Surveillance System National Notifiable Disease Surveillance System 
(NNDSS)(NNDSS)
–– January 1January 1stst –– October 14October 14thth

•• Databases from 7 states with most cases Databases from 7 states with most cases 
(provisional data)(provisional data)
–– IA, KS, IL, WI, NE, SD, MOIA, KS, IL, WI, NE, SD, MO
–– January 1January 1stst-- July 31stJuly 31st



Week of Onset for Mumps Cases, United States,Week of Onset for Mumps Cases, United States,
January 1 January 1 –– October 14, 2006 (October 14, 2006 (n=5824)n=5824)11
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1 National Notifiable Diseases Surveillance System (data provisional)



Mumps Outbreak, United States, 2006Mumps Outbreak, United States, 2006
January 1 January 1 –– October 14, 2006 (n=5824)October 14, 2006 (n=5824)11

• Number of cases reported per state2 1-1971
• Number of states reporting >1 case       45

• States reporting > 100 cases
– IA, KS, IL, WI, NE, SD, MO

1 Reported through the National Notifiable Diseases Surveillance System (NNDSS) (data provisional)
2 Among states reporting at least one case

NumberNumber of casesof cases NumberNumber of statesof states
11--55 1717

1010--4949 1818
5050--9999 33
>> 100100 77



Incidence of Mumps by State, United States, 
January 1 – October 14, 2006 (n=5824)

0
<0.5 per 100,000
0.5 to <1.0 per 100,000

>1.0 to <2.0  per 100,000
>2 per 100,000



Number and Incidence of Mumps in the Seven Highly Number and Incidence of Mumps in the Seven Highly 
Affected States, January 1Affected States, January 1-- October 14, 2006October 14, 200611

StateState Reported CasesReported Cases
IowaIowa 19711971
South DakotaSouth Dakota 288288
KansasKansas 914914
NebraskaNebraska 360360
WisconsinWisconsin 751751
IllinoisIllinois 591591
MissouriMissouri 168 168 

(87%)(87%)

Incidence/100,000Incidence/100,000
6767
3737
3333
2020
1414
55
33

1 National Notifiable Diseases Surveillance System (data provisional)



Demographics Demographics –– Mumps OutbreakMumps Outbreak
United States, United States, January 1 January 1 –– October 14, 2006October 14, 200611

Gender (N=5778)    Female

Race (N=4782) Native American
Asian
African American
White
Other

Ethnicity (N=4439)  Hispanic
Non-Hispanic

Median Age (N= 5786)  22 years

3666 (63%)

56 (1%)
94 (2%)
228 (5%)

4321 (90%)
83 (2%)

296 (7%)
4143 (93%)

Range <1-96 years

1 Reported through the National Notifiable Diseases Surveillance System (NNDSS) (data provisional)
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Incidence of Mumps by Age Group, United States Incidence of Mumps by Age Group, United States 
January 1 January 1 –– October 14, 2006 (n=5786)October 14, 2006 (n=5786)11

1 National Notifiable Diseases Surveillance System (data provisional)



Reported Manifestations Among Mumps CasesReported Manifestations Among Mumps Cases
Highly Affected States, January 1Highly Affected States, January 1--July 31July 31st1st1

n= 4538n= 4538
ManifestationManifestation
ParotitisParotitis
OrchitisOrchitis22

MeningitisMeningitis
EncephalitisEncephalitis
DeafnessDeafness
HospitalizationHospitalization
DeathDeath
OophoritisOophoritis33

MastitisMastitis33,,
PancreatitisPancreatitis

2 Among males
3 Among females

PercentPercent
68%68%
~ 6% ~ 6% 
0.5 %0.5 %
0.3%0.3%
0.3%0.3%
~ 2%~ 2%
00
0.70.7
0.70.7
2 cases2 cases

1  IA, KS, IL, WI, NE, SD, MO reported by the states (data provisional)



Mumps outbreak 2006

G genotype (20+ specimens 
from 9 states) 
Identical to G genotype from 
UK outbreak

Dendogram

6-21-06

SH gene

2006760612 MO
2006760405 NM
new-Mexico
2006752915-ny
2006752382-wv

2006752657-mo
200601284-ks
2006012180-ks
2006012175-ks
2006752368-ga
2006012150-nm
2006012137-in
2006012136-in
2006012135-in
2006727572-pa
2006727521-ks
iowa rep sequence

ay380075-g
af142770-j

af365891-k
d90236-b
d90234-miya-vaccine-b

ab003414-hoshino-vac-b
d86174-i

x63709-c
x63711-e

af142771-h
ab105483-l

af142766-d
pos-ctrl

ay493374-lenn-3-vaccine
aj272363-l-zagreb-vacc

z77158-f
d90231-a

x72944-rubini-vaccine-a
d90232-jl-vaccine-a
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Vaccination Status of Reported Mumps CasesVaccination Status of Reported Mumps Cases
January 1January 1-- July 31,  2006July 31,  20061  1  

N=4538N=4538

UnvaccinatedUnvaccinated 4%4%
1 dose1 dose 20%20%
2 doses2 doses 46%46%
3 doses3 doses 1%1%
Unknown Unknown 30%30%
(majority adults)(majority adults)

1 IA, KS, IL, WI, NE, SD, MO reported by the states (data provisional)



MumpsMumps Cluster in a Cluster in a CollegeCollege
IL AugustIL August--OctoberOctober 20062006

•• IL N=85IL N=85
–– OnsetOnset dates 8/31dates 8/31--10/13/0610/13/06
–– Age 17Age 17--30 30 yearsyears
–– LabLab IgMIgM 10 positive 31 10 positive 31 negativenegative

PCR 7 pos, 45 PCR 7 pos, 45 negativenegative
–– Vaccination Vaccination historyhistory

•• 0 doses: 2 (2%)0 doses: 2 (2%)
•• 1 dose: 1  (1%)1 dose: 1  (1%)
•• 2 doses: 79 (93%)2 doses: 79 (93%)
•• 3 doses: 3 (3%)3 doses: 3 (3%)

–– ComplicationsComplications
•• 1 1 orchitisorchitis, 1 , 1 myocarditismyocarditis



MumpsMumps Cluster in a Cluster in a CollegeCollege, , 
Illinois, AugustIllinois, August--OctoberOctober 2006 2006 
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MumpsMumps Clusters in 2 Clusters in 2 CollegesColleges
KS, VA AugustKS, VA August--OctoberOctober 20062006

•• KS N=22KS N=22
–– OnsetOnset dates 8/7dates 8/7--9/22/069/22/06
–– Age 18Age 18--24 24 yearsyears
–– Vaccination Vaccination historyhistory

•• 1 dose: 1  (5%)1 dose: 1  (5%)
•• 2 doses: 21 (95%) 2 doses: 21 (95%) 

•• VA N=24VA N=24
–– OnsetOnset dates 9/22dates 9/22--10/23/0610/23/06
–– Age 18Age 18--22 22 yearsyears 1 HCW1 HCW
–– Vaccination Vaccination historyhistory

•• 2 doses: 23 (96%) 2 doses: 23 (96%) 
–– Complications 1 Complications 1 asepticaseptic meningitismeningitis



Lessons Learned: EpidemiologyLessons Learned: Epidemiology

•• Few infants affected, few school or day care Few infants affected, few school or day care 
outbreaks reported, no spread to unvaccinated outbreaks reported, no spread to unvaccinated 
populationspopulations

•• Cases with mild clinical presentation among Cases with mild clinical presentation among 
vaccinated persons may have delayed recognition vaccinated persons may have delayed recognition 
of casesof cases

•• Congregate settings facilitated transmissionCongregate settings facilitated transmission



EpidemiologyEpidemiology: : UnansweredUnanswered Questions Questions 

•• WhyWhy femalesfemales werewere more more affectedaffected??
•• WhyWhy diddid the the outbreakoutbreak startstart in IA?in IA?
•• WhyWhy werewere incidence rates incidence rates highesthighest in Iowa?in Iowa?



Lessons Learned: Laboratory DiagnosisLessons Learned: Laboratory Diagnosis
•• Laboratory diagnosis  in vaccinated cases is challengingLaboratory diagnosis  in vaccinated cases is challenging

–– IgMIgM testingtesting
•• Varied performance of IgM testsVaried performance of IgM tests
•• IgMIgM response may not occur or may be delayedresponse may not occur or may be delayed

–– IgGIgG testing requires 2 specimenstesting requires 2 specimens
•• Acute specimen positiveAcute specimen positive

–– Viral detection: RTViral detection: RT--PCR low yield, higher when specimen is PCR low yield, higher when specimen is 
taken early in the course of diseasetaken early in the course of disease

•• Ruling out cases on basis of negative lab results is Ruling out cases on basis of negative lab results is 
difficultdifficult



LaboratoryLaboratory DiagnosisDiagnosis: : UnansweredUnanswered
QuestionsQuestions

•• WhatWhat are the are the kineticskinetics of of serologicserologic responseresponse
amongamong vaccinatedvaccinated individualsindividuals??

•• WhatWhat are the are the truetrue correlatescorrelates of of immunityimmunity??
•• If If IgGIgG, , isis therethere a protective a protective IgGIgG levellevel of of 

antibodyantibody titerstiters??



Lessons Learned: SurveillanceLessons Learned: Surveillance
•• Adequacy of surveillance before outbreak?Adequacy of surveillance before outbreak?
•• Cases without Cases without parotitisparotitis/mild clinical presentation/mild clinical presentation

–– Inadequate case report formInadequate case report form

•• Inadequacy of clinical case definitionInadequacy of clinical case definition
Illness with acute onset of unilateral or bilateral tender, Illness with acute onset of unilateral or bilateral tender, 
selfself--limited swelling of the parotid or other salivary limited swelling of the parotid or other salivary 
gland, lasting 2 or more days, and without other gland, lasting 2 or more days, and without other 
apparent causeapparent cause

–– No classification for cases with complications without No classification for cases with complications without 
parotitisparotitis with negative lab resultswith negative lab results

–– No classification for asymptomatic confirmed casesNo classification for asymptomatic confirmed cases



–– Was mumps virus circulating endemically?Was mumps virus circulating endemically?
–– Were mildWere mild--symptomatic cases not detected by symptomatic cases not detected by 

the surveillance system before the outbreak?the surveillance system before the outbreak?
–– Were cases in vaccinated persons ruled out by Were cases in vaccinated persons ruled out by 

negative lab tests?negative lab tests?
–– During the outbreak, were mildDuring the outbreak, were mild--symptomatic symptomatic 

cases cases overdiagnosedoverdiagnosed because of enhanced because of enhanced 
surveillance?surveillance?

Surveillance: Surveillance: UnansweredUnanswered QuestionsQuestions



Lessons Learned: Vaccine EffectivenessLessons Learned: Vaccine Effectiveness

•• Studying vaccine effectiveness in settings with high Studying vaccine effectiveness in settings with high 
2 dose vaccine coverage is difficult 2 dose vaccine coverage is difficult 
–– Attack rates in 2 highly affected college campuses [Iowa] Attack rates in 2 highly affected college campuses [Iowa] 

(case definition (case definition parotitisparotitis, , orchitisorchitis, culture + or , culture + or 
submandsubmand/mental swelling)/mental swelling)

•• 2.0% (college where 97% students 2 vaccine doses) 2.0% (college where 97% students 2 vaccine doses) 
•• 3.8% (college where 77% students 2 vaccine doses) 3.8% (college where 77% students 2 vaccine doses) 

–– Attack rates in students who lived in dormitories Attack rates in students who lived in dormitories 
approximately twice AR in students who did not live in approximately twice AR in students who did not live in 
dormitoriesdormitories



Vaccine Vaccine EffectivenessEffectiveness: : UnansweredUnanswered
QuestionsQuestions

•• Can Can wewe preventprevent future future mumpsmumps outbreaksoutbreaks withwith
the the currentcurrent MMR vaccine?MMR vaccine?

•• Can Can mumpsmumps bebe eliminatedeliminated usingusing the the currentcurrent
MMR vaccine?MMR vaccine?

•• WouldWould a 3a 3rdrd dose of MMR dose of MMR bebe usefuluseful for for 
outbreakoutbreak preventionprevention??



LessonsLessons LearnedLearned: : WaningWaning ImmunityImmunity//NeutralizationNeutralization

•• PreliminaryPreliminary data data doesdoes not not seemseem to show to show thatthat
waningwaning immunityimmunity playsplays an important an important rolerole

•• Cross Cross neutralizationneutralization studiesstudies-- no no evidenceevidence of of 
geneticgenetic drift or mutations drift or mutations givinggiving riserise to vaccine to vaccine 
escapeescape



WaningWaning ImmunityImmunity UnansweredUnanswered
Questions Questions 

•• Is Is IgGIgG a good a good correlatecorrelate of of immunityimmunity??
•• If If soso, , whatwhat are protective are protective levelslevels of of immunityimmunity??
•• WhatWhat isis the the rolerole of CMI?of CMI?



Lessons Learned: Outbreak ControlLessons Learned: Outbreak Control

•• Intervention strategies limited in settings of high 2 Intervention strategies limited in settings of high 2 
dose coveragedose coverage

•• Isolation guidance Isolation guidance 
–– Viral shedding seems to be unlikely after 3 days of onset Viral shedding seems to be unlikely after 3 days of onset 

of symptomsof symptoms



OutbreakOutbreak Control Control UnansweredUnanswered
QuestionsQuestions

•• Is isolation Is isolation usefuluseful for for mumpsmumps control? control? 
•• Are Are dormitories dormitories ““transmission enhancerstransmission enhancers””??



Why did this outbreak occur?Why did this outbreak occur?

•• Unrecognized Unrecognized importation(simportation(s)? )? 
•• Delayed recognition outbreakDelayed recognition outbreak

–– Physicians not familiar with clinical illness and vaccine Physicians not familiar with clinical illness and vaccine 
modified diseasemodified disease

–– Some early cases ruled out with negative IgMSome early cases ruled out with negative IgM

•• College settingsCollege settings
–– High transmission potentialHigh transmission potential
–– Lower 2 dose vaccine coverage than schoolsLower 2 dose vaccine coverage than schools
–– Poor adherence to isolation guidance Poor adherence to isolation guidance 
–– Not feasible to truly isolate in dormitory settingsNot feasible to truly isolate in dormitory settings



Why did this outbreak occur?Why did this outbreak occur?

•• 2 doses and ~ 90%2 doses and ~ 90%--95% vaccine effectiveness may 95% vaccine effectiveness may 
result in accumulation of susceptible persons result in accumulation of susceptible persons 
sufficient to sustain transmission and a sizeable sufficient to sustain transmission and a sizeable 
outbreak on a periodic basisoutbreak on a periodic basis

•• Contribution of waning immunity?Contribution of waning immunity?



HoweverHowever
•• High MMR vaccine coverage levels and vaccine High MMR vaccine coverage levels and vaccine 

effectiveness likely prevented thousands of effectiveness likely prevented thousands of 
additional mumps cases (9 out of 10 exposures that additional mumps cases (9 out of 10 exposures that 
may have resulted in infection in 2 dose vaccine may have resulted in infection in 2 dose vaccine 
recipients prevented)recipients prevented)

•• Incidence relatively low Incidence relatively low 

•• Disease appeared to be modified with lower rates of Disease appeared to be modified with lower rates of 
complications and hospitalizationscomplications and hospitalizations



Next StepsNext Steps……Future ConsiderationsFuture Considerations
•• Improve surveillanceImprove surveillance

–– Develop better caseDevelop better case--definitions and case report formsdefinitions and case report forms

•• Improve laboratory diagnosisImprove laboratory diagnosis
–– Understand kinetics of immune response including CMIUnderstand kinetics of immune response including CMI
–– Development of new lab tests?Development of new lab tests?

•• Develop adequate guidelines for isolation in Develop adequate guidelines for isolation in 
collegescolleges

•• Review effectiveness of current vaccines and policyReview effectiveness of current vaccines and policy
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